Abstract: While the effects of a short nap on performance and arousal level have been well investigated, less attention has been paid to its effects on mood status. The aim of the present study was to examine the effects of a short nap and natural bright light exposure on mood status. Participants were 16 healthy females who were on average 38.1 (SD = 2.68) yr old. From 11:00 to 12:00, the participants carried out a set of tasks twice with baseline lighting (<100 lux). From 12:40 to 13:10, they were subjected to three experimental conditions: control (<100 lux), natural bright light (>2,000 lux), and a 20-min nap. From 13:10 to 16:10, the tasks were repeated six times with the baseline lighting. To measure mood status, multiple visual analogue scales (to measure anxiety, sadness, anger, confusion, apathy, fatigue, and sleepiness) and the Mood Check List 3 (MCL-3) (to derive "pleasantness", "satisfaction" and "relaxation") were employed. The results showed that brief (30 min) natural bright light exposure improved one dimension of mood status, "pleasantness". A short nap also improved dimensions of mood status ("pleasantness", "satisfaction", and "relaxation"). These results suggest that the proper application of both natural light and a short nap shifts the mood status to the positive/favorable side.
Introduction
A short nap and bright light exposure are well recognized as countermeasures against accidents or mistakes caused by sleepiness in various occupational situations such as car driving 1) and night shift work 2, 3) . As a number of studies suggest [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , their positive effects on performance and arousal level seem to be evident.
While the effects of a short nap on performance and arousal level have been well investigated, less attention has been paid to its effects on mood status. Given that subjective mood and job satisfaction influence each other 22) , and job satisfaction relates to job performance, absenteeism and turnover, it is important to know the effects of a short nap and bright light on mood status.
So far, several studies have examined subjective mood after a short nap 6, 9, 11, 23) . Our previous questionnaire survey of the elderly (>65 yr) 24) suggested the positive effect of a short nap on mood status; i.e. a regular short nap habit was associated with higher self-efficacy, compared to an irregular one. Additionally, Milner et al. have recently reported that a short nap shifts subjective mood to the positive side, e.g. sad to happy or sluggish to energetic 25) . These reports indicate the positive effects of a short nap on mood status, but more evidence needs to be accumulated.
Similar positive effects on performance and mood have also been reported for bright light exposure. For example, Phipps-Nelson et al. reported that daytime exposure to bright light (1,000 lux) reduced subjective sleepiness and improved performance 14) . Rüger et al. reported that 4-h bright light exposure suppressed increasing sleepiness and fatigue in the afternoon and at midnight, and that it might also improve "energy" status 17) . Although the result of the "energy" status did not reach a statistically significant level 17) , their hypothesis Industrial Health 2007, 45, 301-308 is plausible. In fact, a number of studies have asserted that bright light can be used for the treatment of depression or seasonal affective disorders 26) . An intervention study found that repeated daytime bright light exposure improved vitality and reduced depressive symptoms in healthy people 15) . The aim of the present study was to examine the effects of a short nap and bright light exposure on various mood statuses. For this purpose, the study employed multiple visual analogue scales (to measure anxiety, sadness, anger, confusion, apathy, fatigue, and sleepiness) and the Mood Check List 3 (MCL-3) (to derive "pleasantness", "satisfaction", and "relaxation") 27) . We hypothesized that (1) a short nap would not only reduce subjective sleepiness and fatigue but also shift the mood status to the positive/ favorable side, and that (2) bright light would reduce subjective sleepiness and fatigue and also increase positive mood status during the exposure. Some of the results of the present study, those which examine the effects on the physiologic arousal level, have already been reported 28) .
Methods

Participants and design
The participants were 16 healthy female paid volunteers aged 33 to 43 yr (average, 38.1 ± 2.68 yr). Only females were selected for the present study because it was difficult to find a male participant who met the selection criteria. All of the participants met the following criteria: (1) a normal sleep-wake cycle classified as "intermediate type" according to the Morningness-Eveningness questionnaire 29, 30) ; (2) no report of any physical or mental health problems, and a score <15 on the Center for Epidemiological Studies-Depression Scale (CES-D) 31) ; (3) no experience of shift work within the 3 months prior to the experiment; (4) no travel to a different time zone within the 3 months prior to the experiment; (5) no use of medication; (6) non-smoker, and (7) a body mass index less than 25 (calculated as weight in kilograms divided by the square of the height in meters, BMI). The participants' Morningness-Eveningness score, CES-D score, and BMI (mean ± standard deviation) score were 53.8 ± 4.38, 7.2 ± 5.99, and 21.6 ± 2.71 kg/m 2 , respectively.
The study 28) involved one preparatory day and three experimental days. The preparatory day was used for practicing and making participants accustomed to the experimental circumstances. During the preparatory day, the participants followed the same schedule as that for an experimental day as explained below, except for the explanation of the experiment and the signing of the forms of informed consent which took place during the first session from 11:00 to 11:30. The data obtained from the preparatory day were excluded from the analyses.
During the experimental days, the participants arrived at the laboratory at 10:30 a.m. and had electrodes applied. From 11:00 to 12:00 a set of tasks (behavioral and electrophysiological-see below) was repeated twice (Sessions 1 and 2) at a light level below 100 lux. During a break from 12:00 to 12:40, lunch was served.
From 12:40 to 13:10 (Session 3) the participants experienced experimental conditions that differed among the three days, involving the performance of a set of tasks under two different lighting levels or a nap, each on a separate day. On day 1, the lighting was <100 lux (control condition, CNT); on day 2, the lighting was >2,000 lux (natural bright light condition, NBL); and on day 3, a 20-min nap opportunity was given (with lighting <5 lux, nap condition, NAP). From 13:10 to 16:10, the tasks were repeated six times (i.e., Session 4 to 9) with baseline lighting (<100 lux). Thus, the participants carried out the same task 26 times during the three experimental days (the task was not carried out during the nap). All of the light intensities were measured using an illuminometer (T-10, Konica Minolta Holdings, Inc., Tokyo, Japan) at the eye-level of the participants. The data obtained from Session 1 were excluded from the analyses. Natural bright light entered the experimental room through window glass to avoid the harmful effects of ultraviolet light in it.
Participants went home after the experiment and returned to the laboratory the next morning. The participants were requested to refrain from drinking beverages containing caffeine and alcohol during the days of preparation and the experimental days. They were also requested to keep a normal sleep-wake cycle during those days, and their sleepwake cycles at home were monitored using the Actiwatch (Mini Mitter Co., Inc., Bend, Oregon, U.S.A.) and a sleep diary.
The lunch served contained (mean ± standard deviation): carbohydrates, 200 ± 0 g; protein, 16.8 ± 3.49 g; fat, 23.2 ± 5.77 g; and had a caloric value of 765.4 ± 63.8 Kcal. The meal was adjusted for the weight of the participants (52.2 ± 7.42 kg).
The experimental protocol was reviewed and approved by the Ethical Committee in Research Involving Humans at the National Institute of Occupational Safety and Health (National Institute of Industrial Health), Japan.
Procedure
The set of tasks for measuring performance and the arousal level consisted of the psychomotor vigilance task (PVT) 32) using the Psychomotor Vigilance Task Monitor (PVT-192, Ambulatory Monitoring, Inc., New York, U.S.A.), the Karolinska drowsiness test (KDT) 33) , the alpha attenuation test (AAT) 34) , the multiple 100 mm visual analogue scale (VAS) 35) for sleepiness, fatigue, apathy, confusion, anger, sadness, and anxiety, and the MCL-3 27) . The time schedule of the series of tasks was 10 min for the PVT, 1 min each for the Karolinska sleepiness scale 33) , VAS, and MCL-3, 7 min for the KDT, 8 min for the AAT, with 4 min for rest (total: 30 min). The detailed experimental schedule and results, except VAS and MCL-3, reported in other publications 28, 36) .
Rated subjective mood status
The MCL-3 was originally developed for the measures of positive mood status following exercise 27) . The MCL-3 scale is composed of 22 items (7-grade Likert scales), which are categorized into three independent factors: "pleasantness", "relaxation", and "satisfaction". Its reliability has been confirmed (Cronbach's α coefficients = 0.959) 27) . "Pleasantness" consists of 14 items (animated/apathetic, refreshed/fatigue, lively/depressed, neat/disorganized, buoyant/dejected, bright/dark, spirited/dispirited, lighthearted/heavy-hearted, pleasant/unpleasant, delighted/ agonized, good-humored/ill humored, relieved/hampered, fulfilled/unfulfilled, clear-headed/foggy), "Relaxation" consists of 5 items (composed/fidgety, relaxed/tense, comfortable/uncomfortable, peaceful/angry, calm/irritable); and "satisfaction" of 3 items (happy/unhappy, satisfied/ dissatisfied, cheerful/gloomy). Participants were asked to circle the scale number indicating their feeling at the moment. For the analysis, the items related to the three factors were averaged separately.
The VAS was presented on 100-mm lines with 7 dimensions, which were "not anxious", "not sleepy", "not fatigued", "vigor", "not confused", "not angry", and "not sad" on the left end of the line and "anxious", "sleepy", "fatigued", "apathetic", "confused", "angry", and "sad" on the right end of the line. These factors were selected from those of the Japanese version of the Profile of Mood States (POMS) 37) . Participants were asked to view the lines as representing their personal range of feelings and to place a mark on the line indicating their feeling at the moment.
Statistical analysis
All of the data were submitted to a Condition (CNT, NBL and NAP) × Session (from Sessions 4 to 9) repeated-measures analysis of variance (ANOVA) with the SPSS software system. To control for the type 1 error associated with violation of the sphericity assumption, degrees of freedom greater than one were reduced by the Huynh-Feldt ε correction. The multiple paired t-test with the Bonferroni correction was applied for post-hoc comparisons. Sleep stages during naps were visually scored every 20 seconds according to the criteria of Rechtshaffen and Kales 38) . 
Results
Sleep/rest time at night and during the naps
Positive mood status (MCL-3)
Before the nap/bright light exposure (i.e. Session 2), there was no significant difference among the three conditions in positive mood status as shown in Fig. 1 . During Session 3 under bright light exposure, "pleasantness" was significantly higher than in the CNT condition.
Significant interactions were found between Condition and Session in "pleasantness" and "satisfaction" from the ANOVA of Sessions 4 to 9 (see Table 2 ). Post-hoc analysis detected significant differences in Session 4 (i.e., immediately after the nap), in which all three variables were significantly higher in the NAP condition than in the other two conditions. The three positive mood statuses declined as the sessions proceeded. The results of Sessions 2 to 4 are depicted in Fig. 1 . Post-hoc analysis for the remaining data did not yield significant outputs. These data and SD are shown in Table 1 .
Negative mood status (VAS)
Before the nap/bright light exposure (i.e., Session 2), there was no significant difference among the three conditions in negative mood status, as shown in Fig. 2 . During Session 3, sleepiness was significantly lower in the NBL condition than in the CNT condition.
Even though ANOVA yielded no significant main effect SD s are shown in parentheses. CNT, the control condition; NBL, the natural bright light condition; NAP, the nap condition.
of Condition and no interaction between Condition and Session, the differences among conditions seemed to be clear in Session 4 (see Fig. 2 ). Thus, the post-hoc analysis was directly applied to Session 4. In Session 4, sleepiness was significantly lower in the NAP condition than in the NBL and CNT conditions. Fatigue and apathy were also significantly lower in the NAP condition than in the NBL condition in Session 4. These three negative mood statuses increased as the sessions proceeded. The results of ANOVA and the post-hoc analysis are shown in Table 2 and Fig. 2 , respectively.
Discussion
The present study has demonstrated that brief (30 min) exposure to natural bright light (>2,000 lux) improved one dimension of positive mood status, "pleasantness", and reduced subjective sleepiness, although this immediate effect was limited to the period of light exposure. A short nap also improved dimensions of positive mood status, "pleasantness", "satisfaction", and "relaxation", and reduced subjective sleepiness. These results are compatible with our previous report 28) , which demonstrated that bright light exposure and a short nap improved the electrophysiological arousal level. The results suggest that these two interventions could improve mood status and arousal level.
The major findings of the present study can be summarized as two issues. First, an immediate effect of natural bright light can be obtained from a brief (30 min) period of exposure in the afternoon. Although previous studies have reported the effects of bright light during day and night 7, 14, 16, 17) , most studies kept the participants under bright light for more than 4 h used fluorescent or incandescent lamps rather than natural light for exposure. Second, all three dimensions of positive mood measured by the MCL-3 ("pleasantness", "satisfaction", and "relaxation") and subjective sleepiness improved after a short nap. Although it is beyond the topic of the present report, a short nap and natural bright light exposure may be a useful strategy to improve not only mood but also job satisfaction, as noted by Judge and Ilies (2004) who suggested that positive mood improves job satisfaction 22) . Given that light temperature rather than its intensity has received considerable interest 39, 40) and that the color temperature of natural light differs between morning and evening, the next research question is the sensitivity to natural light exposure at different times of day (i.e., morning, midday, evening). Although many studies have compared light sensitivity, which varies at different times of day and different color temperatures [41] [42] [43] , to the best of our knowledge, few studies have investigated its immediate effects on arousal level or mood status. Light sensitivity research may contribute to architectural lighting design and the effective use of natural light in developing optimal economical and ecological occupational environments.
The results of the present study on the effect of a short nap on subjective sleepiness is consistent with previous studies 4-6, 9-12, 21, 23, 25) . Some studies have reported that subjective fatigue declined after a short nap 4, 12, 25, 44) , but others, including the present results, have not 9, 11, 21) . This inconsistency may be caused by differences in defining fatigue. Several investigators have employed the terms sleepiness and fatigue interchangeably 45, 46) , even though fatigue involves a number of psychosocial and behavioral processes whereas the term sleepiness has a rather precise definition 47) .
The present study did not detect significant deterioration in the subjective mood immediately after the nap (Session 4). As reported earlier 8, 9, 25, [48] [49] [50] , a 20-min nap is long enough to obtain recuperative effects and short enough to avoid sleep inertia. Moreover, subjective mood and sleepiness after the bright light exposure deteriorated significantly more than after the short nap in Session 4. The acute effect of bright light may not remain after the exposure in the afternoon, when melatonin secretion is at its lowest 43) . Thus, a short nap could be preferable to brief bright light exposure to improve arousal levels and mood status in the afternoon.
In conclusion, the present study confirmed mood improvement due to natural bright light exposure or a short nap. The results suggest that proper application of both natural light and a short nap might make a workplace more comfortable.
Fig. 2. Scores of the multiple visual analogue scale (VAS).
CNT, the control condition; NBL, the natural bright light condition; NAP, the nap condition. a, CNT vs. NBL; b, CNT vs. NAP; c, NBL vs. NAP. Significant levels set at p<0.017 for Sessions 2 and 4, p<0.05 for Session 3.
